We propose a neutrinophilic two Higgs doublet model with hidden local U (1) symmetry, where active neutrinos are Dirac type, and a fermionic DM candidate is naturally induced as a result of remnant symmetry even after the spontaneous symmetry breaking. In addition, a physical Goldstone boson is arisen as a consequence of two types of gauge singlet bosons and contributes to the DM phenomenologies as well as additional neutral gauge boson. Then we will analyze the relic density of DM within the safe range of direct detection searches, and show the allowed region of dark matter mass. * Electronic address: nomura@kias.re.kr † Electronic address: macokada3hiroshi@cts.nthu.edu.tw
I. INTRODUCTION
Neutrinophilic two Higgs doublet model (NTHDM) [1] [2] [3] [4] is one of the appropriate explanations to relax the neutrino Yukawa coupling where one of Higgs doublets has only the neutrino Yukawa interaction and develops a tiny vacuum expectation value (VEV) to generate the neutrino masses. In order to discriminate neutrinophilic Higgs doublet from the standard model (SM) like Higgs doublet, one usually imposes an additional symmetry such as global and/or gauged one [5] [6] [7] [8] [9] [10] [11] [12] , and this symmetry often plays a role in assuring stability of a dark matter candidate (DM).
We can construct a NTHDM with extra U(1) gauge symmetry assigning its charge to right-handed neutrinos and one Higgs-doublet so that this Higgs doublet only has Yukawa couplings associated with right-handed neutrino and lepton doublets. In such a case, other SM fermions would be required to have extra U(1) charges for anomaly cancellation as in the U(1) B−L model. Alternatively we find that we can cancel gauge anomaly among only SM singlet fermions adding extra fermions in addition to right-handed neutrinos and extra U(1) gauge symmetry is a hidden gauge symmery. As a result of the gauge symmetry, the lightest extra fermions is stable and can be a good DM candidate.
In this paper, we introduce a local hidden U(1) symmetry (U(1) H ), and neutrino masses are Dirac type [9] induced by the VEV of neutrinophilic Higgs doublet which has U(1) H charge. After spontaneous symmetry breaking, a fermionic DM candidate arises as a result of remnant symmetry. Simultaneously a physical Goldstone boson (GB) can contribute to the DM phenomenologies as well as additional neutral gauge boson, as a result of introducing two type of gauge singlet bosons that break U(1) H . We then show the observed relic density of DM can be explained either by GB interactions or Z ′ interactions.
This paper is organized as follows. In Sec. II, we show our model, and formulate the boson sector, fermion sector, and dark matter sector. Then we analyze DM through the relic density and discuss the allowed region in terms of DM mass. Finally We conclude and discuss in Sec. III. 
H in the lepton sector, where a = 1 − 3 and i = 1, 2 are flavor indices.
II. MODEL SETUP AND PHENOMENOLOGIES
First of all, we introduce a U(1) H hidden gauge symmetry and add six right-handed neutral fermions (N R i , N R 3 ) and ν Ra with i = 1, 2 and a=1-3 which are charged under the new gauge symmetry. As we discuss below, gauge anomalies are canceled among these additional fermions and active neutrinos are Dirac type with right-handed neutrinos ν Ra . In scalar sector, we introduce an isospin doublet scalar Φ which has U(1) H charge 1, two isospin singlet bosons (ϕ, ϕ ′ ) with U(1) H charges (1, 8) . Here H is expected to be the SM-like Higgs doublet field. All the field contents and their assignments are summarized in table I. Then one finds the relevant Lagrangian associated with the lepton Yukawa interactions and scalar potential as follows: 
Therefore our charge assignment is anomaly free.
Scalar sector:
The scalar fields are parameterized as
where the lightest mass eigenstate after diagonalizing the matrix in basis of (w ± , φ ± ), which is massless, is absorbed by the SM singly-charged gauge boson W ± , and two degrees of 
where we assumed couplings in the potential {λ Hϕ , λ Hϕ ′ , λ Φϕ , λ Φϕ ′ , λ ϕϕ ′ } and v φ to be sufficiently small, and we require {µ 
We consider such a term is highly suppressed by sufficiently large cut-off scale as well as its coupling and suppose not to affect stability of DM and phenomenology. 2 Since the structure of scalar sector is more or less the same as the one in ref. [9] , we minimally explain properties of the scalar bosons.
matrix as
where we define Diag.(0, m
Therefore we obtain
The mass of the charged Higgs boson is given by
Φ is further constrained requiring m 2 φ ± > 0 in addition to condition for obtaining positive VEV of Φ. On the other hand the mass squared matrix of the CP-odd boson is in basis of (z, φ I , α, α ′ ). After diagnolizing the mass matrix, we obtain one massive CP-odd scalar, two NG boson absorbed by Z and Z ′ boson, and one massless physical Goldstone boson. We can identify massive CP-odd scalar as φ I whose mass is given by
In general scalar bosons {φ R , φ I , φ ± } mix with other scalar degrees of freedom which have same quantum number. However those mixings are highly suppressed in our scenario where v φ is assumed to be tiny in realizing neutrino mass. For example, if we take y ν = 10 −6 (∼ m e /v) required value of v φ is less than ∼ 100 KeV as m ν ∼ y ν v φ , and mixing effect is roughly given by v φ /m scalar which is negligibly tiny taking m scalar = O(100) GeV scale.
The NG boson absorbed by Z ′ and physical Goldstone boson are written in terms of linear combination of α and α ′ where the mixing angle is determined by relative sizes of VEVs of ϕ and ϕ ′ . We then obtain NG and physical Goldstone modes denoted by α N G and
Notice that the existence of this physical Goldstone boson does not cause serious problem in particle physics or cosmology since it does not couple to SM particles directly and decouples from thermal bass in early Universe.
The extra gauge boson Z ′ obtain mass after U(1) H symmetry breaking as
where g H denotes the gauge couplings for U(1) H gauge symmetry. Note that we can have Z-Z ′ mixing through the VEV of Φ since it has both electroweak and U(1) H charge. In our case, however, it is negligibly small due to small v φ where mixing is suppressed by the
Inserting tadpole conditions, the mass matrix for CP-even boson in basis of (h, φ R , ϕ R , ϕ ), where V is measured by the neutrino oscillation data [13] . Notice here that three active neutrinos can have non-zero mass due to the rank three matrix. In our scenario we take y ν not to be very large such as y ν ∼ 10 −6 (∼ m e /v).
Note that our right-handed neutrinos decouple from thermal bath sufficiently earlier than left-handed neutrinos since y ν coupling is small and Z ′ mass is heavier than electroweak scale. Thus they do not affect cosmological issues such as Big Bang nucleosynthesis.
Majorana fermions: Then we formulate the mass matrix of exotic Majorana fermions
M N in basis of (N R 1 , N R 2 , N R 3 ) T , which is give by
after spontaneous U(1) breaking, where
where V N is an unitary mixing matrix in general.
Here we take N R 1 is the lightest mass eigenstate and it is stable particle due to the remnant Z 2 symmetry as discussed above. Thus we writhe X R ≡ ψ 1 and M X ≡ M ψ 1 for our DM candidate in the following analysis.
B. Dark matter
In this subsection we discuss a dark matter candidate; X R .
Firstly, we assume contribution from the Higgs mediating interaction is negligibly small and DM annihilation processes
are dominated by the gauge interaction with Z ′ and/or GB α G ; we thus can easily avoid the constraints from direct detection searches as LUX [14] , XENON1T [15] , and PandaX-II [16] .
Relic density: We have annihilation modes with Yukawa and kinetic terms to explain the relic density of DM: Ωh 2 ≈ 0.12 [17] , and their relevant Lagrangian in basis of mass eigenstate is found to be
where where the final state is GB via the diagrams with neutral fermions in the t and u channels.
The relic density of DM is then given by [19, 20] Ωh 2 ≈ 1.07 × 10
where g * (x f ≈ 25) is the degrees of freedom for relativistic particles at temperature In fig. 1 , we show the relic density in terms of M X , where we fix the following parameters 4 : Here we search for parameter region satisfying observed relic density in general where we apply micrOMEGAs 4.3.5 [22] to estimate the annihilation cross sections. Note that XX → Z ′ Z ′ process is also included in following analysis. Then we scan parameter region as follows: In fig. 2 , we also show the parameter points on M X -m Z ′ plane which give relic density 0.11 < Ωh 2 < 0.13 fixing the other parameters as given in Eq. (II.26). We find that several specific region can explain relic density of DM:
is dominant one and insensitive to m Z ′ , (2) the line shaped region indicate m Z ′ ∼ 2M X in which relic density is explained with resonant effect, (3) in heavy M X region, relic density can be explained by XX → Z ′ Z ′ process with relevant value of g H . In addition, we show DM annihilation cross section at the current universe for parameter region giving right relic density. The cross section is suppressed for α G α G and Z ′ Z ′ modes while it can be ∼ 10 −26 cm 3 /s for ν RνR and
in the latter case our scenario is safe from constraints of indirect detection experiments, and it would be tested in future measurements of gamma-ray and neutrino flux from DM annihilation. 
where Q ϕ(ϕ ′ ) = 1(8) is U(1) H charge of ϕ(ϕ ′ ) and r ϕ(
Here we add gauge fixing term;
where ξ is a gauge fixing parameter. Combining Eq. (A.2) and (A.3), we obtain mass terms for Z ′ and α(α ′ ) such that
